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Background: 5-Aminolevulinic acid (5-ALA) is a naturally occurring amino acid, which plays an 
important role in the biosynthesis of heme. Aim: This study was conducted with the aim of 
examining the effect of 5-ALA as a dietary supplement on milk yield and composition, iron status, 
immune response, antioxidant activity, and oxidative indicators in lactating dairy cows as well as 
rumen fermentation, and the composition of ruminal microbes in vivo and in vitro. Methods: This 
cross over study used two periods, 12 days for adaptation with a test period of 2 days where lactating 
Holstein cows (n= 6-13) were randomly assigned to a control group that was fed a total mixed ration 
(TMR) only and to a treatment group, which received a TMR supplemented with 10 mg 5-ALA/kg of 
dietary dry matter. Rumen samples from 2 dairy cows were treated with 5-ALA, protoporphyrin 
IX, or cyanocobalamin in vitro. They were then examined for gas production, rumen fermentation, 
and the composition of ruminal microbes. In addition, in vitro incubation culture of peripheral blood 
mononuclear cells (PBMC) was conducted in order to examine the possible mechanism underlying 
immunomodulation by 5-ALA. Results: 5-ALA improved milk protein and milk casein contents, 
which was associated with improvements in total volatile fatty acids (VFA) concentration in the 
rumen fluid as a result of change in microbiota composition: Microbiota analysis using next 
generation sequencing revealed that the abundances of phylum Proteobacteria, 
family Succinivibrionaceae, and genus Succinivibrio increased by incubation with the 5-ALA while 
the abundances of phylum Bacteroidetes, family Prevotellaceae, and genus Prevotella were higher 
in the control group. Subsequent qPCR shows that incubation of 5-ALA, protoporphyrin IX or 
Cyanocobalamin with rumen fluid increased total bacteria and Succinivibrio dextrinsolovens and 
decreased the relative level of Prevotellaceae. Dairy cows fed 5-ALA supplemented diet exhibited an 
increase in the counts of white blood cells, granulocytes, phagocytosis, and mitogen-induced 
proliferation of PBMC than in cows fed basal diet. 5-ALA caused a significant decrease in the 
expression of tumor necrosis factor-α (TNF-α) mRNA in PBMC. However, 5-ALA had no effect on 
mRNA expression levels of cluster of differentiation 3, interferon-γ, and toll-like receptors compared 
with the control group. On the contrary, 5-ALA supplementation did not affect iron status and 
oxidative status in the blood, milk, and ruminal fluid of dairy cows. 5-ALA improved and alleviated 
the inflammatory response stimulated with Escherichia coli lipopolysaccharide (LPS) by inhibiting 
the expression of TNF-α mRNA, while the expression level of TNF-α was slightly increased with 
5-ALA supplementation in absence of LPS stimulation as compared with control 
cultures. Conclusion: Dietary supplementation of 5-ALA to lactating dairy cows may have a positive 
effect on microbiota composition and rumen fermentation, which is associated with increased energy 
production (VFA). Such nutritional effects of 5-ALA were translated into improvement of overall 
health and increase of productivity as indicated by enhancement of the immune response and 
increased milk protein synthesis.   
  
 
